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Self nano emulsifying drug delivery system (SNEDDS) can be considered as a concentrated emulsion, containing drug that is solubilized in 

a mixture of oil, surfactant and co-surfactant, They administered as an oily liquid dosage form, and after mixing in the aqueous environments 

of the stomach they form nano emulsion. Although it is a useful method to improve solubility and bioavailability of many drugs of class II 

(water insoluble) and class IV ( water insoluble and impermeable) drugs it have disadvantages mainly it is administered as a liquid 

encapsulated in soft gelatin capsules, which might be sensitive to humidity. Furthermore, the liquid preparation might cause compatibility 

issues with the shell of the soft gelatin capsule, so this can be avoided by solidifying the preparation to produce solid SNEDDS. 

Method: After preparation of Ticagrelor a class IV drug as liquid self nano emulsion (SNE), the best solidifying agent chosen according to 

its loading capacity of liquid formula. Then the prepared solid formula is subjected for further test like studying the micrometric properties, 

disintegration time, and in-vitro dissolution studies. 

Result: results showed that Avicel 102, and Aerosil 200 are the best two solidifying agent that carry the liquid formula with less amount of 

powder,therefore a mixture of different ratios made of these two powders. The best formula that pass all the tests was containing 90% Avicel 

102 and 10% Aerosil 200. 

Conclusion: combining Avicel 102 and Aerosil 200 in ratio (90 to 10) formed a solid formula of the liquid SNE with acceptable micrometric 

properties and dissolution rate in comparison with the marketed drug of ticagrelor (Brilinta).    
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INTRODUCTION 

Self-Emulsifying Drug Delivery Systems (SEDDS) 

Self-emulsifying drug delivery systems (SEDDS) can be 

considered as a concentrated emulsion, since it contains 

drug, oils, surfactants and co-solvents. They administered 

as an oily liquid dosage form, and after mixing it in the 

aqueous environments of the stomach they form coarse, 

micro or nano size emulsion, depending on the constituents, 

and formulation method. Therefore, SEDDS increases the 

solubility of poorly water soluble drugs (1). 
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Advantages of SNEDDS include 

1. Improve the oral bioavailability enabling reduction in 

dose. 

2. More consistent drug absorption profile. 

3. Drug(s) are targeted to a specific absorption window in 

the GI tract.  

4. Drug(s) protection from the gut's harsh environment. 

5. Control of drug delivery. 

6. Food effect on drug absorption can be reduced or even 

elimenated. 

7. Increase drug loading capacity. 

8. drug can be prepared in either liquid or solid dosage form 

(2,3). 

Disadvantages of self nano-emulsifying drug 
delivery systems: 

1-One of the obstacles for the development of SNEDDS and 

other lipid-based formulations is the lack of good 

predicative in vitro models for assessment of the 

formulations. 

2-Traditional dissolution methods do not work, because 

these formulations potentially are dependent on digestion 

prior to release of the drug. 

3-The drawbacks of this system include chemical 

instabilities of drugs and high surfactant concentrations in 

formulations (approximately 30-60%) which irritate GIT. 

4-Volatile co-solvents in SNEDDS formulations probably 

will migrate to the shells of soft or hard gelatin capsules, 

resulting in the precipitation of the lipid soluble drugs. 

5-Formulations containing several components become 

more challenging to validate. 

6-High production costs. 

7-Low drug compatibility. 

8-Drug leakage. So it may allow less drug loading  (4,5). 

Self nano emulsifying drug delivery system (SNEDDS) is 

normally a liquid preparation encapsulated in soft gelatin 

capsules, which might be sensitive to humidity and results 

in high production cost. Furthermore, the liquid preparation 

might cause compatibility issues with the shell of the soft 

gelatin capsule. 

 The conversion of liquid SNEDDS into solid SNEDDS 

provides advantages of solid SNEDDS and simultaneously 

eliminates the disadvantages of liquid SNEDDS, to convert 

liquid SNEDDS to solid SNEDDS is by adsorption onto the 

surface of carriers or by granulation using liquid SNEDDS 

as a binder. This technique is uncomplicated, cost effective, 

easily optimized and industrially scalable. Also can be used 

for heat- and moisture-sensitive molecules, thus providing 

an advantage over other techniques, such as spray drying and 

freeze drying. In addition to that various excipients utilized 

for the preparation of solid oral dosage forms can be 

employed for adsorption. The excipients should possess large 

surface areas to adsorb sticky and sometimes viscous oily 

SNEDDS formulation. Dibasic calcium phosphate, lactose, 

microcrystalline cellulose, colloidal silicon dioxide, aerosil, 

avecil,  and neusilin are usual adsorbent used in the 

preparation of solid SNEDDS (6,7). 

Advantages of solid SNEDDS  

1- Liquid component in SNEDDS may interact with capsule 

shell , thus by solidifying the dosage form, the  stability will 

increase and also the shelf life (8,9). 

2- The solid SNEDDS can be formulated as an immediate or 

controlled release dosage form depending on additive powder 

used. 

3- Solid dosage form are easier to formulate and less demand 

process than liquid ones. 

4-The dose will be more accurate and precise in solid than 

liquid one (10). 

5- more Patient since its solid dosage form and can be easily 

administered, carry and store. 

6- Less production cost than liquid soft gelatin capsule. 

7- Production rate is higher since higher flow ability of 

powder, filling the die in tablet machine will be fast (11). 

8- Self-emulsifying powder can be granulated or formulate as 

pellet, and get the advantages that can be obtained from these 

dosage forms. They will eliminate the variation of the gastric 

emptying time, ensure easy passage in the gut and dose 

dumping risk will be reduce significantly. All these result in 

decreasing fluctuation in plasma level. 

9- Many studies demonstrated that there is an equivalency in 

release profiles of progesterone in dogs from solid self nano-

emulsifying dosage form and nano emulsion (12). 

Aim of the study 

The aim of the study is to solidify to solidify the liquid 

preparation of Ticagrelor self nano emulsion formula, to 

improve product stability and eliminate its interaction with 

capsule shell in addition to the improvement of drug 

solubility and bioavailability. 

 

Materials & Method 

Materials 

The following materials were purchased from  

Ticagrelor, Aerosil 200 and Avicel 102 (hyper chemical 

china), oleic acid, , tween 20, tween 80 (Solvochem UK), 

propylene glycol (Gain land chemical community. UK). 

mannitol, starch® 1500, avicel PH101, dibasic calcium 

phosphate, Carboxy methyl cellulose (Thomas baker India). 
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Method 

 Preparation of Ticagrelor Liquid Self-nanoemulsion 

Formula 

The liquid formula was prepared first to be solidify, an 

optimum formula was chosen in a previous study. Each 

prepared single dosage form contains 0.05 gram oleic acid 

as oil, 0.36 gram tween 20 as surfactant, 0.09 gram 

Propylene glycol as co surfactant, 0.09 gram ticagrelor the 

drug. 

          Oleic acid, tween 20 and propylene glycol were mixed 

in vortex mixer before adding drug for about 3 min  to ensure 

homogeneity, then accurately weighted ticagrelor was added 

to the( oil, surfactant, and co surfactant) mixture, with 

continuous stirring in vortex mixer until solid dispersed in 

oil/Smix mixture, the mixture was transferred to the 

sonicator until all drug dissolved (13). 

Selection of Proper Solid Adsorbent 

          The selected formula of ticagrelor self-nanoemulsion 

formula was solidified using different porous hydrophilic or 

hydrophobic adsorbents including mannitol, starch® 1500, 

avicel PH101, avicel PH 102, dibasic calcium phosphate, 

Carboxy methyl cellulose, and aerosil 200.Levigation 

method was used to determine the liquid loading capacity or 

adsorbing capacity of each adsorbent; adsorption capacity is 

the amount  in a gram of liquid formula that adsorbed by one 

gram of solid carrier (14). 

          1 gram of solidification powder is placed in the 

mortar, then the formula was added gradually to the mortar  

and blended with pestle and check for flowability. After that, 

the two best adsorbent with higher loading capacity are 

selected and subjected for further tests (15). 

Evaluation of Ticagrelor Solid SNE  

          The powder characteristics in term of flowability must 

be checked before filling into hard gelatin capsules, since 

inadequate flowability of the powder will affect uniformity 

of blending negatively, and this results in an  inaccurate 

filling and dosing. The conventional laboratory methods for 

flow property assessment are the following: 

Micromeritic Properties 

Bulk and tapped density 

           The bulk and tap density of powdered TCG SNE was 

determined by measuring the volume of the powder before 

and after tapping. A determined quantity of powder is placed 

in 10 ml graduated cylinder a the volume before tapping was 

recorded, then after several taps until no change in volume 

occurred. the formed volume is reordered and the densities 

calculated using the following equations (16): 

 

were Pb is the bulk density, Ms is the mass of powder, Vbt is 

the bulk volume 

and Pt is the tapped density, Vt is tapped volume 

Angle of repose (θ): 

      The highest angle achievable between the surface of a pile 

of powder and the horizontal plane is defined as angle of 

repose. The angle of repose can be used to calculate the 

frictional force in a loose powder or grains. It's a measure of 

the powder's flow characteristics (17). 

tan θ = H / R 

Where, θ = angle of repose 

H = pile height 

R = radius of the base of pile 

            The powder combination was allowed to flow through 

a funnel that was mounted on a stand at a specific height (H). 

After that, the angle of repose was estimated by measuring 

the height and radius of the powder heap that had developed. 

The powder particles were carefully slide and rolled over 

each other through the funnel's sides. 

        Relationship between powder flow property and the 

angle of repose is shown in table (1) (18). 

Table (1): Relationship Between Angle of Repose and 

Powder Flow Property (18) 

 

Flow Rate: 

          The rate at which a certain mass emerges from the end 

of a funnel with  sufficient diameter has been characterized 

as the flow rate of a powder.                     

          The flow rate of each formulation's granules was 

established by pouring precisely weighed quantities of 

granules into a funnel with an 8 mm diameter aperture. A 

stopwatch was used to record the time it took for the entire 

granule mass to emerge from the aperture. The flow rate was 

determined using the equation below (19): 

 

Carr’s Index 

         Carr devised an indirect method of determining powder 

flow from bulk densities. The % compressibility of a powder 
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was a direct indicator of the possible strength and stability 

of a powder arch or bridge. Each formulation's Carr's index 

was computed using the equation below, and the result 

explanation is shown in table (10) (20). 

Compressibility index  (%) = [(ρt –ρb)/ρt)] × 100 

Table (2): Carr’s Index as an Indication of Powder Flow 

(20) 

 

Characterization of Solid SNEDDS 

Drug Content 

          Drug content measurement  for solid SNE is very 

important test to ensure the right distribution of liquid 

formula in solid carrier. 

10 capsules content were dispersed in 10 ml of ethyl acetate, 

then after continuous shaking and sonication for about 15 

min, the samples were centrifuged at 3500 rpm for about 15 

min, then the supernatant was separated and diluted or assay 

spectrophotmetrically for drug content (21). 

Determination of Disintegration Time of Solid SNE 

Capsules 

          One capsule was placed in each basket in a 

disintegration apparatus (totally 6 capsules), the 

disintegration media used was 0.1 N HCl and the 

temperature was maintained at 370 ± 20. The disintegration 

time was recorded after the capsule powder content passed 

through the basket mesh and may only the hard gelatin shell 

remnant stays (22).  

In-Vitro Dissolution of The Prepared Solid Self-

Nanoemulsion Capsule 

          The dissolution of the prepared formulas of solid SNE 

was determined using dissolution apparatus 2, in which one 

capsule is placed in a basket and attached to a paddle. In each 

beaker a 900 ml of dissolution media 0.1 HCl containing 1% 

tween 80 to maintains sink condition. Then the temperature 

maintained at 37 ± 20 with a rotating speed of 100 rpm at 

fixed time intervals (5,10,20,30,40 ) 5 ml of sample were 

withdrawn and replaced with fresh 5 ml of same dissolution 

media to maintains sink condition. The withdrawn samples 

were filtered through 0.45 μm filter. Ticagrelor 

concentration in the filtrate was analyzed. Dissolution of 

pure Ticagrelor powder was also done (23). 

 

Results 

Preparation of Ticagrelor Liquid Self-nanoemulsion 
Formula 

The liquid formula was prepared and showed a good 

consistency and clarity, all the drug was dissolved in the oil, 

surfactant mixutre, with no precipitation seen, this formula is 

ready to be solidify. 

Selection of Proper Solid Adsorbent 

          The selection of the proper powder for the 

solidification was based on two parameters, the flowability 

and the adsorption capacity. With the aim to prepare self-

nano emulsifying powders using as little solid carrier as 

possible to 

enable development of solid SNEDDS with the highest drug 

loading (24), screening of porous solid carriers for their 

adsorption of SNEDDS capacity was performed and the 

following results obtained. 

 

Figure (1): Maximum adsorption capacity of one gram of 

different carriers for liquid SNEDDS 

Aerosil 200 and avicel 102 shows the highest adsorption 

capacity, although the high difference in the adsorption 

capacity between the two carriers, but the relative higher 

density of Avecil 102 in comparison to Aerosil 200 made the 

final volume  solid SNE formula with equal amount of liquid 

SNE formula relatively equal and capable of filling a capsule 

with same drug content ( 45 mg of ticagrelor ). 

          Therefore 11 formulas of solid ticagrelor self nano-

emulsion were prepared, by combining two carriers in 

different ratios or alone, to determine the best formula in 

respect of micrometric parameters and drug release. 
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Table (3): Solid Ticagrelor -SNEDDS Different 

Constituents 

 Avicel 102 % Aerosil 200 % 

F1S 100 0 

F2S 90 10 

F3S 80 20 

F4S 70 30 

F5S 60 40 

F6S 50 50 

F7S 40 60 

F8S 30 70 

F9S 20 80 

F10S 10 90 

F11S 0 100 

Characterization of Solid SNEDDS 

Micromeritic Properties 

          Studying the micrometric properties of the prepared 

powder is important to determine flowability of prepared 

formulas and suitability to fill in hard gelatin capsule. The 

micrometric properties of prepared formulas are shown in 

table (4). 

Table (4): Micrometric Properties of Prepared Ticagrelor-

SSNE Formula 

 Angle of 

repose 

Flow rate 

(gram/sec) 
Carr’s 

Index 

 

Hausner 

ratio 

F1S 32 19 20 1.25 

F2S 30 21 19.1 1.20 

F3S 28 21 17.9 1.192 

F4S 27 22 17.1 1.175 

F5S 26 22.1 16.6 1.163 

F6S 25 22.5 15.9 1.155 

F7S 23 22.9 15.1 1.142 

F8S 22 23.4 14.2 1.139 

F9S 21 24 13.7 1.122 

F10S 20 24.2 12.9 1.113 

F11S 19 25 12 1.10 

          From the obtained results, it seems that all formulas 

are in the accepted range and show good powder flowability, 

although as the content of avicel decrease and the content of 

aerosil increase, the powder show better  flow properties , 

this is due to the small particle size of aerosil 200 in addition 

to its lower density and surface area ( 200 m2/g) (25).  

Drug Content 

          Drug content in all  formulas ranged  from 98.4 to 99.6 

as shown in table (5). This result is within the stated range for 

drug content in USP, and indicating that all the drug was 

successfully adsorbed by the carrier with uniform distribution 

within the solid carrier. 

Disintegration Time of Solid SNE Capsules 

          The disintegration time for all prepared capsules 

ranged from 1 minute to 1.25 minute, with no significant 

difference found among tested formulations (p > 0.05). 

           This fast disintegration time may be due to porosity 

and rapid absorption of water by avicel 102 and the porosity 

and  hydrophilicity of aerosil 200 (26,27). 

Table (5): Drug Content and Disintegration Time of 

Prepared TCG-SSNE Formulation 

 Drug content % Disintegration time 

F1S 99 1 min 

F2S 99 1.03 min 

F3S 98.4 1.08 

F4S 98.6  1.11 

F5S 99.1 1.12 

F6S 99.6  1.13 

F7S 98.9 1.15 

F8S 99  1.17 

F9S 98.6 1.20 

F10S 99.5 1.22 

F11S 99.1 1.25 

Formulas that contain higher amount of avicel showed faster 

disintegration than other formulas with lower avicel content, 

this is may be due to the swellability and insolubility of 

avicel. Thus, the disintegration media can quickly be drawn 

up or wicked up by the capillary action of porous fibrous 

structure, resulting in swelling and rupturing the inter-

particulate bonds of the solid powder (28). 

In-vitro Dissolution of the Prepared Solid Self-nanoemulsion 

Capsule 

          The release profile of solid formulation is shown in 

table ( 6 ) , and the release of the best formula in comparison 

to the marketed Brilinta is shown in figure (2), F2S was 

chosen as the best formula depending on the obtained  overall 

test results, although the release profile of F1S is slightly 

better than that of F2S, but there was no significant difference 

between them, and the flowability of F2S powder is more 

reliable than that of F1S.  
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Table (6): The Release of Drug from the Prepared Capsules of Ticagrelor-SSNE 

 F1S F2S F3S F4S F5S F6S F7S F8S F9S F10S F11S Brilinta 

5  5 4.8 4.6 4.2 4 3.8 3.3 2.9 2.7 2.5 2.5 30 

10 60 59 55 54 50 46 44 40 38 35 32 47 

20 85 85 80 80 76 71 70 69 69 64 61 71 

30  100 100 98 98 94 89 88 84 81 78 77 90 

40  100 100 100 100 100 100 100 98 96 85 80 100 

50  100 100 100 100 100 100 100 100 100 95 89 100 

60  100 100 100 100 100 100 100 100 100 100 100 100 

 

Figure (2): Release of drug from F2S and marketed TCG 

tablet (Brilinta®) 

By comparing F2S with marketed Brilinta, a rapid release 

from the marketed tablet is noticed with a relative delay from 

formulated capsule, this is due to the type of dosage form, in 

which marketed tablet disintegrates rapidly and release drug 

while formula F2S needs time for capsule shell to dissolve 

and release its content, after the capsule shell have been 

dissolved, a faster release is seen from F2S formula and full 

release of its content within 30 minutes, while it takes 40 

minutes for the marketed Ticagrelor (Brilinta®) to full 

release. 
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